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With the advance of ultrasonography, non-invasive visualisation of fetal organs in 
utero has become possible. The placenta, as a fetal organ, seems to mature as the 
fetus grows. Amniotic fluid volume is also believed to be related to fetal age. Their 
changes reflect the intra-uterine environment and fetal well being. Since the 
development of a placental grading system, measurement of placental thickness 
and of amniotic fluid index (AFI), the gestational-age specific reference charts 
appropriate to the population have been studied. However, most of the reference 
charts have been derived from Caucasian populations. These may differ 
significantly in reproductive performance from the Chinese. The aim of this study 
is to derive a Chinese reference standard for AFI, placental grading and placental 
thickness from pregnancies dated by ultrasound. 
This study was conducted in the obstetric unit of the Prince of Wale Hospital, the 
main teaching hospital of the Chinese University of Hong Kong. Mothers with an 
early ultrasound dating scan were recruited into the study. An appointment was 
given to them for a further ultrasound scan in the gestational age range from 18 to 
40 weeks. Placental grading, placental thickness and AFI were obtained during 
scanning. Matemal and pregnancy characteristics as well as neonatal outcomes 
were recorded for analysis. The placental morphology was classified according to 
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Grannum's placental grading system (1979). Placental thickness was measured at 
the thickest portion of the placenta, in the midportion, on images obtained 
perpendicular to the plane of the placenta. The AFI was estimated using the 
technique described by Hallak and associates (1993) which was modified from 
Phalan's four pockets technique. The interobserver variation was calculated using 
Cohen's Kappa statistic. Values greater than 0.6 were considered clinically 
acceptable. Statistical analysis was performed with SPSS for Windows version 7. 
739 cases were recruited in this study. The results showed that the AFI rose 
progressively from 16 weeks' gestation until 27 weeks. From 27 to 38 weeks, the 
AFI demonstrated little variations and the peak AFI appeared at 27 weeks. After 38 
weeks, the AFI declined progressively. Placental thickness increased from 16 
weeks' gestation to 32 weeks then demonstrated little variation until term. The 



























With the advances in ultrasound technology, it has become widely used in the 
medical field, especially in the obstetrics. Li 1979, Grannum and associates 
developed the placental grading system and correlated it with fetal pulmonary 
maturity, tai 1987, Phelan and associates proposed the four pockets technique to 
evaluate the intra-uterine amniotic fluid volume. The sum of the four pockets was 
termed the amniotic fluid index (AFI). Both extremes in amniotic fluid volume 
may have pathological significance. Ultrasound measurement of placental 
thickness may be a useful aid in the diagnosis of some diseases, such matemal 
diabetes, partial molar pregnancy or Hb Barts' hydrops fetalis. 
Given the strong relationship of AFI, placental thickness and placental grading to 
fetal age, it is important to use gestational age specific reference charts appropriate 
to the population being studied. Most of the reference charts are derived from 
Caucasian populations, and these may differ significantly in reproductive 
performance from Chinese women. 
The aim of this study was to derive a Chinese reference standard for gestational 
related changes of placental grade, placental thickness and amniotic fluid index 




2.1 Sonographic history 
2.1.1 Definition of ultrasound 
Sound is the orderly transmission of mechanical vibrations through a 
medium. The number of vibrations that occur per second is known as the 
frequency and is measured in hertz (Hz), 1 Hz being 1 cycle/s. The human 
ear can detect frequencies in the range of 20 Hz to 20 kilohertz (20000 Hz). 
Sound above this range is known as ultrasound; most instruments used in 
diagnostic medicine function in the range of 1-10 megahertz (MHz), 1 MHz 
being 1,000,000 cycles/s. 
2.1.2 History of general ultrasonography 
The history of the fkst applications of high-frequency sound to the study of 
the body is well documented (Helbnan et al, 1977; Well et al, 1969; Kossofet 
al, 1965; Hill et al, 1993). Significant breakthroughs did not occur until after 
World War H. During World War II, sound waves were used to detect 
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submarines, and after the war they were used to locate schools of fish and to 
map the ocean floor (Heltaian et al, 1977; Wells et al, 1969; Kossof et al, 
1965; Hill et al, 1993; Oakley et al, 1986). After World War H, ultrasound 
was used to detect flaws in various materials including metal. The discovery 
that ultrasound could show structural changes stirred the imagination of 
physicians in several specialties including surgery, radiology, cardiology, 
obstetrics-gynaecology, and ophthabnology. Physicians and engineers in the 
United States, Scotland, France, Sweden, Japan, and Australia were 
exploring clinical applications of ultrasound at about the same time. 
As early as 1942, the Austrian physician Karl Dussil described using 
ultrasound to map the adult human brain (Hoknes et al, 1980). He claimed to 
have identified abnormalities based on changes in attenuation. During the 
middle 1940s to early 1950s, teams of engineers and physicians, among 
whom were Drs. George Ludwig, Douglas Howry, and John Wild, were 
conducting experiments using ultrasound to investigate breast lesions, 
gallstones, the morphology of the eye, and the female pelvic viscera. 
Physiotherapists in the United States were the &st to use ultrasound in 
regular clinical practice, although they used it as a treatment modality for 
muscle disorders rather than a diagnostic tool (Hotaies et al, 1980). t i 1953, 
Cecil Bircher, a manufacturer of ultrasound equipment, supplied the 
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physiotherapist members of the original American bistitute of Ultrasound in 
Medicine (AKJM) with ultrasound equipment for therapeutic use (Hobnes et 
al, 1980). By 1964, members of the ARJM included engineers and physicians 
who were interested in the diagnostic application of this new energy source. 
2.1.3 Early history offetal diagnostic ultrasonography 
Ian Donald, working in Glasgow, a city where ultrasound was being used in 
the engineering industry to test for flaws in metal, considered the possibility 
of using this imaging system to penetrate through soft tissue. X-rays were 
available for skeletal imaging, but he, as well as others, was seeking ways of 
detecting non-osseous lesions. By 1958, Donald and his colleagues had 
ah-eady progressed from A-scope presentation of interfaces to B-scope 
images on cathode-ray tubes. Donald found a way to eliminate the need for 
water tanks, in which a patient had to sit, or water containers, which were 
applied against the area being examined. After applying olive oil to a 
patient's abdomen, he rotated a probe (2.5 MHz) that moved along a 
measuringjig to produce cross sections of the abdomen. 
Donald is credited with being the first to successfully use diagnostic 
ultrasonography to investigate the gravid uterus. It was obvious to him that 
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ultrasound had tremendous potential in obstetrics. He wrote, "The pregnant 
uterus offers considerable scope for this kind of work because it is a cystic 
cavity containing a solid fetus" (Willocks et al, 1964). The excitement he felt 
on seeing recognizable anatomy with ultrasound is expressed in the articles 
he wrote describing his discoveries. The first equipment in his laboratory was 
developed in the research department of the Hillington Factory in Glasgow 
(Donald et al, 1958). Donald reported in the Lancet in 1958 that he had 
scanned 100 clinic patients at the Royal Maternity Hospital and had 
identified twins, hydramnios, and the fetal skull, as well as gynaecological 
pathology (Donald et al, 1958). He further advanced ultrasonograhy in 
gynaecology and obstetrics by discovering that a urine-filled bladder provided 
a means of displacing the gas-filled intestines, thus enabling the sound beam 
to reach the pelvic viscera (Donald et al, 1969). His enthusiasm influenced 
Dr. Joseph Hobnes in Denver and Dr. Louis Helbnan in Brooklyn to explore 
ways to apply ultrasound to obstetrics and gynaecology. One of his 
colleagues, Dr. Stuart Campbell, moved to London and in 1968 opened the 
first large obstetrical ultrasonography center in England. 
Having learned the basics of scanning technique, such as the importance of 
keeping the ultrasound beam perpendicular to the surface and the effect of 
scanning with different megahertz transducers, and having developed usable 
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instruments, Donald began focusing on the interpretation and use of the 
images. Aware of the potential and limitations of diagnostic ultrasonography, 
he was careful to ascertain that ultrasound was safe, at least in the short term. 
With the advent of ultrasonography, the only part of a fetus that could be 
measured without the use of x-rays was the fetal head, which could be 
palpated. Recognizing that the biparietal diameter (BPD) measurement might 
be a means of measuring the growth of a fetus, Donald, along with Brown 
and Willocks, developed a technique using “A-scope” to obtain that 
measurement (Willocks et al, 1964). They used a modified commercial 
ultrasonographic flaw detector with a 2.5-MHz transducer that produced 
spikes at skull-brain interfaces. Donald determined that neonatal 
ultrasonographic measurements of the BPD were accurate to within 1 mm of 
caliper measurements. However, in terms of dating the pregnancy, the fetal 
BPD resulted in a standard error of 25 days, which was too great to be able to 
rely on ultrasonographic measurements alone to estimate fetal age. But he 
was encouraged by the close correlation (0.77) between birth weight and 
ultrasonographic BPD measurements taken 7 days or less before delivery and 
believed that ultrasonography was useful at this stage of development for 
assessing presentation and fetal size, as well as monitoring growth after the 
28th week of pregnancy. 
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Campbell incorporated B-mode scanning into cephalometry because he 
showed that A-scans were sometimes measuring two skull surfaces but not 
necessarily the greatest distance between parietal bones. By identifying the 
head first by B-scan, the location ofthe parietal bones could be established. 
A-mode could be angled perpendicular to them, ensuring that the spike 
representing the falx was at the appropriate level of the fetal head. 
Combining B-scans and A-scans improved the accuracy of BPD 
measurements when compared with postnatal caliper measurements to a 
difference ofless than 2 mm. The combined B-scan and A-scan method also 
made it possible to measure the BPD even when the head could not be 
palpated, such as in the middle trimester and in cases of polyhydramnios 
(Harman CR. et al 1991, Campbell S et al 1971). 
The first BPD normogram was published by Donald and was based on 
Campbell's measurements of 400 fetuses that were delivered within 3 days of 
the expected dates of confinement (Donald I et al 1969). Obstetricians and 
gynecologists immediately proceeded to duplicate, test, and expand on this 
growth curve. 
Donald actively encouraged others to use ultrasonography. Jn 1964, he 
brought an A-scope unit with him to Hellman's laboratory at Kings County 
Hospital in Brooklyn, New York. He demonstrated his techniques to Helhnan 
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and Lewis Fillisti, an engineer who had built Dr. Gilbert Baum's first 
ultrasound eye scanner. This particular unit did not function properly, so 
Fillisti went to Glasgow to leam Donald's techniques. When he returned, the 
laboratory began scanning patients using a unit made by Physionics 
Engineering in Longmont, Colorado (Fillisti L, 1979). Fillisti described how 
HeUman, Dr. Kobayashi, and Eellen Cromb Campos, the sonographer, had to 
coerce physicians to obtain patients for scanning, but as residents and 
attendants became familiar with ultrasonography, requests began escalating 
for clinical purposes. 
Helhnan agreed with Donald that a single measurement, such as the BPD, 
did not yield the precision that physicians wanted (Helhnan LM et al 1977). 
Consequently, he decided to measure the uterus, the gestational sac, and the 
placental volume to analyze whether they correlated with fetal growth. The 
growth charts based on these measurements were quite accurate, and the 
gestational sac normogram was adopted by many laboratories. Uterine size 
and the placental volume provided no usable results, however. While 
studying the growth of the gestational sac, HeUman also described its pattern 
of growth, concluding that the sac seemed to dissolve between the 11th and 
the 13thweeks of gestation, just as the head was becoming visible ^Ielbnan 
EVI, et al 1969). 
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Another mode of research on fetal ultrasonography was undertaken in 
Denver, Colorado, kivolvement with medical applications of ultrasound for 
imaging the body began with the investigation by Howry into mapping soft 
tissue in the late 1940s. Jn 1951, Hohnes contributed his administrative 
acumen to Howry's efforts to produce a practical ultrasound system not 
requiring a patient to be immersed in a tank of water, to the early 1960s, once 
the group had developed a compound contact scanner, Drs. Horace 
Thompson and Kenneth Gottesfeld joined Hobnes's laboratory and began 
using ultrasound for obstetrics and gynaecology. 
Bi-stable imaging, although limited to seeing strong interfaces, could 
demonstrate most fetal anatomy including the fetal spine, aorta, umbilical 
vein, liver, kidneys, heart, and stomach (Garrett WJ et al 1976). Campbell 
and WiUdn believed that estimates of fetal weight could be improved by 
basing them not only on BPDs but also on the abdominal circumference 
(AC). They chose this section because it represented the total fetal body mass 
(CampbeU S et al 1975). Furthermore, the sectional image was easy to obtain 
in most cases, and could be used to screen for fetal pathology. 
Bi-stable imaging limited diagnostic ultrasonography to the measurements 
described earlier and to visualizing gross fetal anomalies such as 
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hydrocephalus, ascites, and fetal death (no heart motion seen). Multiple 
gestations could, of course, be studied. 
2.2 Placental sonography 
2.2.1 Development of the placenta 
Ovulation occurs approximately 14 days following the last menstrual cycle, 
and fertilization occurs 1-2 days later in the distal fallopian tube (Moore KL, 
1988). By menstrual day 20, the zygote has formed the blastocyst, a fluid-
filled cystic cavity composed of an inner cell mass and an outer trophoblastic 
layer (Moore KL, 1988). The inner cell mass eventually will form the fetus, 
yo\k sac, and allantois; the trophoblasts will form the placenta, chorion, and 
amnion. 
taiplantation of the blastocyst in the endometrium begins about 1 week after 
fertilization and is completed by 12-14 days following fertilization. During 
implantation, trophoblast erodes into the decidua, so that the endothelium of 
the matemal blood vessels is destroyed and matemal blood is in direct contact 
with the conceptus. This establishes an intercommunicating lacunar network 
which will become the intervillous space of the placenta (Zemlyn S, 1987). 
The endometrium also undergoes a decidual reaction that helps support and 
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control trophoblastic invasion. The chorionic villi, which arise from the 
trophoblast, form tertiary villi when blood vessels enter primary villi after day 
29. 
Chorionic villi initially cover the entire surface ofthe chorionic sac. After 8 
weeks, two separate regions begin to differentiate as pregnancy advances. 
The villi found in the area of the fetal pole, in contact with the decidua 
basalis, continue to grow, because the blood supply is most satisfactory in 
this area (i.e., chorion frondosum). The villi on the abembryonic side ofthe 
implantation site in contact with the decidua capsularis, begin to degenerate 
because those villi aligned toward the uterine cavity become compressed and 
their blood supply becomes restricted. By the end ofthe third month, this side 
of the chorion is smooth (i.e., chorion laeve), and the remaining bushy 
chorion frondosum develops into the formal placenta (Julian E.De Lia, 
1994). As pregnancy progresses, the chorionic villi branch and gradually 
develop into a complex system of 50 to 60 subunits or cotyledons, each of 
which arises from a primary stem villus and is supplied by primary branches 
ofthe umbilical vessels. Each cotyledon is further subdivided into one to five 
lobules (Zemlyn S, 1987). 
Early in the second trimester, the placenta is approximately sane size as the 
fetus and continues to grow until term. As pregnancy advances, it becomes 
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relatively smaller, and by term, the ratio of its weight to that of the fetus is 
about 1:6 to 1:7. Term placentas are round or oval, 15 to 20 cm in diameter, 
and 2 to 3 cm thick. The weight is usually between 450 and 550g. The fetal 
surface, which is continuous with the surrounding chorion, is termed the 
chorionic plate. The matemal surface of the placenta, which lies contiguous 
with the decidua basalis, is termed the basal plate. 
2.2.2 Sonographic placental development 
The earliest sonographic evidence of an established pregnancy is thickening 
and increased echogenicity of the endometrial cavity. This finding correlates 
with the decidual reaction, which is a response to implantation and hormonal 
stimulation. A gestational sac is usually visible by transvaginal sonography at 
about 4 to 4.5 weeks' gestational age. The placenta, however, is generally 
only identified at 6 menstrual weeks using the transvaginal approach and at 
7-9 menstrual weeks using transabdominal approach. Licreased echogenicity 
and thickening within the decidual reaction around the sac are the 
sonographic features of the early placenta (Hodlock FP et al, 1987). By 10 to 
12 weeks, the diffuse granular texture of the placenta is clearly apparent 
sonographically. This texture is produced by echoes emanating from the 
1 3 
villous tree, which is bathed in matemal blood. After that, the placenta retains 
this general sonographic texture throughout pregnancy with some variations. 
During the second and third trimester, three basic placental structures can 
usuaUy be identified on ultrasonographic examination (Linnie M.M. Muller, 
1995): 
1. on the matemal surface一separated from the myometrium and the 
retroplacental vascular bed~~is a thin, barely visible, broken line 
corresponding to the basal plate, which does not have a specific echo 
pattern and cannot be identified sonographically unless it becomes 
calcified near term. 
2. the placental substance appears as a fme homogeneous structure, that may 
or may not change in echo pattern as pregnancy progresses. 
The fetal surface is usually referred to as the chorionic plate in 
ultrasonographic terminology. This is the linear echo-dense amniotic 
membrane, and is clearly visible because of the markedly different acoustic 
densities ofthe placenta and the amniotic fluid. On careful examination, it is 
possible to distinguish the chorion, amnion and the insertion ofthe umbilical 
cord. 
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2.2.3 Placental grading 
Li this chapter, we review mainly the early studies of the placenta, the 
classification of placental grading and its correlation with gestational age as 
well as medical and/or obstetrical complications. 
2.2.3.1 Early studies of the placenta 
With recent advances in ultrasound imaging, the placenta can now be 
visualized in situ, and morphologic sonographic changes in both normal and 
complicated pregnancies detected. 
During the early years of obstetric ultrasound, static bi-stable machines were 
used. At this time, TindaU and associates (1965) &st described reticular 
calcification in most placentas in increasing amounts toward term. These 
were more commonly seen in primigravid than in multigravid women. 
Crawford (1962) described ‘holes, in the centre of the placental cotyledons 
and found that they corresponded to areas of entry of the matemal arterial jet 
under pressure. Histologically, these areas are devoid of villi and are thus 
called the avillous space. Winsberg (1973) has described a distinct ultrasonic 
appearance of the placenta occurring after 36 weeks' gestation which is 
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marked by the appearance of “round transonic areas" with white, calcium 
containing echoes between the cotyledons. He interpreted this as ‘maturation, 
of the placenta. No anatomical basis for the change in appearance was 
suggested, and its significance could not be assessed. The introduction of 
grey-scale ultrasound machines meant that different tissues within the 
placental substance could be differentiated from each other. Fisher and 
associates used static grey-scale ultrasonography and reported the progressive 
echogenic appearance of the placenta, which changed from a series of small 
white specules at around 8 weeks' gestation to a uniform granular appearance 
by 10 weeks, hi the second trimester, the volume of the placenta increases as 
the uterus enlarges and the appearance of the placental tissue becomes more 
homogeneous but with a noncalcified texture as the typical early granular 
appearance disappears. At approximately 28 weeks' gestation, small echo-
free spaces (‘holes，）appear in the placental tissue and often enlarge toward 
term. After 36 weeks, these spaces are readily detectable and separated by 
wide calcified areas of intracotyledonary septa. Based on his observations, 
Fisher (1976) concluded that ultrasonic placental appearances changed 
throughout pregnancy and that these changes followed a fairly strict temporal 
sequence. 
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2.2.3.2 Placental grading 
Lti a review of multiple ultrasound evaluations of placental texture described 
as above, one would expect that the placenta, a fetal organ, should mature in 
a fashion similar to that of other fetal organ systems, bi order to categorize 
the phases of maturation, Grannum and associates (1979) developed the first 
sonographic classification system for grading placenta maturity according to 
gestational age. (Figure 1) This classification graded placentas from 0 to 3 
according to specific ultrasonic findings at the basal and chorionic plate as 
well as the substance These three areas of the placenta will be used to outline 
the changes observed throughout pregnancy. 
Grade 0. All placentas start with this configuration. The chorionic plate 
appears as a smooth, straight, and well-defined unbroken dense line. The 
substance of the placenta is homogeneous and devoid of echogenic densities. 
The basal layer area is also devoid of echogenic densities and appears 
homogeneous and of the same texture as the placental substance. 
Grade 1. The Grade I placenta manifests the earliest ultrasound changes of 
placental maturation. The chorionic plate will appear to have subtle 
undulations. The substance of the placenta may well contain echogenic 
densities that are randomly dispersed in the substance of the placenta. These 
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are linear in shape, with their long axis parallel to the long axis of the 
placenta (i.e., parallel to the chorionic plate). The basal layer ofthe placenta 
is still devoid of echogenic densities. 
Grade II. The maturational changes in the Grade II placental scans involve 
changes in all three zones. The chorionic plate may appear more markedly 
indented with linear echogenic densities (comma-like densities) perpendicular 
to the chorionic plate, which extend into the substance of the placenta but not 
all the way to the basal layer area. These densities represent the 
intercotyledonary septa. The echogenic densities that were present in the 
substance ofthe placenta in the Grade I configuration persist, except that they 
may be more in number, large and more echodense. The 'halhnark' of the 
Grade II configuration is the presence of basal echogenic densities. These 
densities, which are linear in shape, are positioned in the basal layer area, 
parallel to the long axis of the placenta, and may measure up to 6 mm in 
length. Sometimes they are confluent and appear to represent a dense white 
line along the base of the placenta. 
Grade III. This phase represents the mature placenta. The configuration 
describes the appearance of the placenta being divided into compartments: 
the cotyledons. The chorionic plate is indented. At the indentations (which 
are not always easily seen) the linear densities arise as in Grade II but they 
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now extend aU the way to the basal layer area without a break. The presence 
of one comma-like density without a break defines the presence of a Grade 
III placenta. The linear densities of the Grade I configuration persist and there 
may now also be large irregular densities measuring 8-10 mm in diameter in 
the substance of the placenta, but situated more towards the chorionic plate. 
The substance of the placenta may now appear to have echolucent ‘fallout 
areas', which are situated in the central portions of the cotyledons. These 
areas represent the central areas of the cotyledons, which are devoid of viUi, 
destroyed by the pressure from the matemal arterial jet (Crawford, 1962). 
The echogenic densities in the basal layer area persist, but may be more 
confined and dense enough to cast acoustic shadows. 
2.2.3.3 Placental grading and gestational age 
Li Grannum's study (Grannum, Berkowitz and Hobbins, 1997), where the 
fetal BPD was compared with the placental grades in normal patients, the 
BPD range from Grade I was 7.6 to 9.6 cm (mean for 31 weeks to term), for 
Grade H, 8.1 to 9.8 cm (mean for 33 weeks to term), and for Grade HI, 8.7 to 
9.5 cm (mean for 35 weeks to term). Petrucha, Golde and Platt, 1982b had 
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reported similar results. However, in both of these studies, observations on 
placental grade were only made after 34 weeks' gestation. 
Petmcha and Platt (1982c) extended these observations by assessing placental 
grade incidence from 10 weeks' gestation onward and found a positive 
correlation between placental grade and gestational age. Grade 0 was most 
common in the &st trimester; grade I appeared after 14 weeks' gestation and 
is most common until around 34 weeks. Grade H first appeared after 26 
weeks' gestation and was more common at around 36 weeks. Grade III most 
commonly appeared beyond 35 weeks' gestation. 
Kazzi and associates studied 230 patients and found that successive increases 
in the placental grade from grade 0 to HI were associated with increases in 
the pediatric estimation of gestational age by the Ballard modification of 
Dubowitz criteria (Ballard et al, 1979). The mean gestational age for grade 0 
was 31 士 1 weeks; for grade I, 34+3.2 weeks; for grade II, 37.6±2.7 weeks; 
and for grade III, 38.4l2.2 weeks. These differences in gestational age 
between grades I and H, and between grades H and HI were statistically 
significant Op<0.001). Both of these studies suggest that placental grade is a 
function of gestational age. 
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2.2.3.4 Placental grade and neonatal outcome 
Prematurity is responsible for most of the neonatal morbidity and mortality 
encountered by the obstetrician and pediatrician (Cavanaugh et al, 1969). 
This poor outcome is related to the respiratory distress syndrome and its 
sequelae. 
The advent of antenatal detection of fetal puknonary maturity by 
measurement of the lecithin/sphingomyelin (L/S) ratio in amniotic fluid 
resulted in a significant decrease in both perinatal morbidity and mortality 
associated with puhnonary immaturity (Gluck et al, 1971). L/S ratio included 
cold acetone purification and densitometric quantitation of the ratio. A ratio 
of 2 or greater was defmed as mature, an intermediate ratio was between 1.5 
and 1.9, and a ratio of 1.4 or less was classified as immature. Unfortunately, 
this test requires the invasive procedure of amniocentesis with its small but 
significant morbidity rate (Schwartz et al, 1975; Kirshen et al, 1973; 
Sabbagha et al, 1979; Young et al, 1979). 
Ultrasonography provides a noninvasive technique for the evaluation of fetal 
gestational maturity (Campbell et al, 1969, Sabbagha et al, 1974). In 1979, 
Grannum and associates described a method for classifying and grading 
placental maturity based on ultrasound evaluations of placental textural 
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changes in the in vivo placenta. The authors demonstrated a 100% correlation 
between maturational changes in the placenta as seen by ultrasound and the 
fetal putaionary maturity as determined by the L/S ratio. This result was 
supported in study by Petrucha and associates (1982). 
Subsequent studies, however, have not confirmed the "perfect" association 
between placental sonographic appearance of the placenta, fetal lung 
maturity, and neonatal outcome. Quinlan and Cruz (1982) reported three 
grade EI placentas with immature L/S ratio (<2.0), but they did not mention 
neonatal outcome. Kazz et al (1984), in a prospective study of 230 term and 
preterm complicated pregnancies, compared the relationship between 
sonographic placental grading, amniotic fluid phospholipids, and neonatal 
outcome. They correlated placental grade with gestational age, L/S ratio, 
percentage phosphatidylglycerol, and hyaline membrane disease. They 
reported that the frequency ofhyaline membrane disease among infants with 
grades 0,1, H, and III placentas was 100%, 60%, 9% and 4%, respectively. 
Thus, grade III placenta was occasionally associated with immature L/S ratio 
and hyaline membrane disease, especially in medically complicated 
pregnancies, such as chronic hypertension. No term, repeat cesarean patients 
with a grade III placenta had an L/S ratio of <2 or hyaline membrane disease. 
Other authors suggested that detection of a grade HI placenta could replace 
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the need for invasive amniotic fluid maturity tests in the subgroup of repeat 
cesarean section patients around term (Petrucha et al, 1982, Tabsh et al, 
1983, Kazzi et al, 1984). However, we have to remember that hyaline 
membrane disease is a rare entity in those patients with uncomplicated 
pregnancies at term. 
bi addition, placental grading was insensitive. It falsely predicted fetal lung 
maturity in 8- 42% ofthe cases (Spirt et al, 1984; Gast et al, 1983; Harman et 
al, 1982). It is therefore not accurate enough to replace amniocentesis for 
assessing fetal lung maturity. Despite this, the performance of amniocentesis 
for determination of L/S radio has virtually disappeared from current 
obstetric practice. 
2.2.4 Placental thickness 
Determination of the placental size is part of the overaU assessment of the 
intra-uterine environment. Placental growth can be estimated by measuring 
the placental thickness or by estimation of the placental volume. Jn this part, 
we focus on reviewing early studies about the relationship between placental 
thickness and gestational age as well as the clinical significance of placental 
thickness. 
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Hollander & Mast (1968) reported that the placental thickness increased 
steadily from the 5th to the middle of the 9th month of pregnancy, after 
which it decreased slightly. The mean thickness in normal term pregnancies 
was found to be 3.6-3.8 cm. Schlensker (1976) also found a similar increase 
in placental thickness up to 36 weeks, gestation, with a mean thickness of 
3.6±0.5 cm. 
Grannum and associates showed that the placental thickness decreased 
gradually after 32 weeks' gestation until term. However, this was a cross 
sectional study. Hoddick et al (1985) stated that the mean placental thickness 
increased in an essentially linear fashion from 9 to 30 menstrual weeks, when 
the rate of increase in thickness diminished slightly. At no time in pregnancy 
did the normal placenta exceed 4 cm in thickness. From these findings, we 
confirm that placental thickness normally correlates with gestational age and 
that the thickness increases up to 36 weeks, though there are some pitfalls in 
these earlier work, such as imprecise identification of the boundary between 
the placenta and uterine wall, differing locations of the placenta as well as 
difficulty in obtaining the correct scanning plane. 
Li addition, one study showed that a significantly abnormal increase in 
thickness could be found only in cases of severe Rhesus isoimmunization or 
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matemal diabetes mellitus. (Hollander & Mast, 1968) Muller reported that a 
placental thickness greater than 5 cm before 27 weeks in patients with 
Rhesus incompatibility indicates a poor prognosis and that a thick placenta 
with signs of 'accelerated maturation' may be indicative of gestational 
diabetes and that the abnormal thickness of the placenta, especially when 
associated with RJGR, would be the first indicator of a partial molar 
pregnancy. (Muller LMM, 1986) A recent study reported that pregnancy 
with alpha-thalassemia had placental thickness larger than in a control group. 
(Ko TM & associates, 1995) A conclusion can be made from these studies 
that the thick placenta correlates with severe Rhesus incompatibility, 
matemal diabetes, partial molar pregnancy or Hb Bart's hydrops fetalis, so 
that ultrasound measurement of placental thickness may be a useful aid in the 
diagnosis of these diseases. 
2.3 Amniotic fluid 
2.3.1 Amniotic fluid dynamics 
Hertig and Rock (1945) noted amniotic fluid &st distending the amniotic 
cavity between the seventh and ninth days of gestation. Brace (1993) 
suggested that amniotic fluid initially has the character of a transudate, with 
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an electrolyte composition and osmolality similar to fetal and matemal blood. 
Active transport of water in biologic systems has never been demonstrated. 
Listead, water flows along an osmotic gradient created by differing 
concentrations ofsolutes on either side of a semipermeable membrane (Seeds 
et al, 1980 )• Active transport of solutes into the amniotic fluid is probably by 
the amnion and results in water moving passively down the solute gradient 
(Brace et al, 1986 and 1988). This mechanism is likely the major source of 
amniotic fluid in the first half of pregnancy. Fetal skin is also probably a 
major source of amniotic fluid during the &st half of pregnancy, since the 
skin is permeable to water and the amount of fluid is proportional to body 
surface area up till around 24 weeks. After that time, the skin becomes 
keratinized and much less permeable to water, although preterm infants 
clearly have a greater tendency toward water loss through the skin than full-
term infants. Late in gestation, the principal source of amniotic fluid volume 
is fetal urine production. 
Fetal urine production begins at approximately 8 to 11 weeks' gestation and 
thereafter plays an increasingly important role in the establishment of normal 
amniotic fluid volume (Abramovich et al, 1973). With high-resolution 
ultrasound measurement of total bladder volume, fetal urine production near 
the end of pregnancy has been estimated as approximately 190 ml per Kg per 
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24 hours (Lotgering et al, 1986). bi an average term-size fetus, this translates 
into urine production of 500 to 600 ml per day. Any interference with normal 
fetal urine production may result in oligohydramnios even in the normal 
fetus. 
Fluid is removed from the amniotic space largely by fetal swallowing and 
resultant absorption from the gastrointestinal tract. Like urine production, 
fetal swallowing begins at approximately 8 to 11 weeks' gestation (Brace et 
al, 1988). Hydramnios may result from interference with fetal swallowing 
mechanisms. Therefore, the overall amount of fluid present represents a 
balance between these two mechanisms. 
Fluid is also produced in the fetal respiratory tree. It is uncertain how much 
of this becomes added to amniotic fluid and how much is swallowed without 
exiting the mouth. For example, after esophageal occlusion, amniotic fluid 
volume increased nearly three-fold ^'ujino et al, 1991), whereas urine flow 
did not change, suggesting that the usual function of fetal gastrointestinal 
tract is to remove amniotic fluid, along with respiratory-tract secretions. 
However, the presence of lamellar bodies and puhnonary surfactant lipids in 
amniotic fluid during the second half of gestation indicates that there is some 
contribution of respiratory secretions. 
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Nasal and buccal mucosa and glands also produce copious secretions during 
fetal life and similarly may contribute to amniotic fluid. 
Transport of water may occur across the amnion and chorion as well as 
across fetal vessels that traverse them. It is estimated that at term, urine 
production is 500 ml per day and lung fluid entry into amniotic fluid is 200 
ml per day. Swallowing accounts for the removal of only 400 ml per day 
(Gilbert et al, 1993). Thus, it is estimated that at least 300 ml per day leaves 
the amniotic cavity across the membranes. Recently, an intramembranous 
pathway has been demonstrated in the term ovine fetus (Jang et al, 1992). 
Utilizing esophageal occlusion and urinary drainage, it was suggested that 
water was absorbed from the amniotic fluid through this intramembranous 
pathway into the fetal circulation at a rate of 1.25% of the total amniotic fluid 
volume per hour, or 240 ml per day. The oral-nasal membranes are not likely 
to be the major route of absorption in these experiments, because arginine 
vasopressin injected into amniotic fluid had immediate fetal systemic effects 
(Gilbert et al, 1991), while injection of the same dose into a glove covering 
the fetal head had no measurable effects. 
Amniotic fluid volume rises during pregnancy (Queenan et al, 1972). 
Amniotic fluid pressure also rises during pregnancy (Fisk et al, 1992), 
peaking in mid-gestation, and is not apparently related to intrauterine volume. 
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Amniotic fluid volume at term remains between 500 and 2000 ml, unless 
some unusual disturbance leads to oligohydramnios or polyhydramnios. 
Turnover of amniotic fluid is rapid. Lideed, studies with deuterium tracer 
techniques (Vosburgh et al, 1948) indicated that the water in amniotic fluid is 
replaced every 2.9 h. It is uncertain what mechanism regulates the 
maintenance of amniotic fluid volume within these limits. 
2.3.2 Methods of sonographic assessment of amniotic fluid 
The volume of amniotic fluid in a normal pregnancy is important because it 
serves as an indicator of fetal well-being. Because of the irregularity of the 
uterine cavity and changing position of the fetus, accurate assessment of 
amniotic fluid volume previously required invasive techniques of 
amniocentesis and dye dilution (Sinha et al, 1970), and collection of 
amniotic fluid at pregnancy termination (Queenan et al, 1972). Although 
these methods of amniotic fluid volume determination are direct, they are 
invasive and inconvenient. With the introduction of ultrasound, a safe, 
noninvasive technique for the measurement of amniotic fluid volume is 
provided. The current sonographic techniques are indirect measures and only 
provide estimates of amniotic fluid volume. 
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Several of these sonographic techniques designed to evaluate amniotic fluid 
volume have been reported in the literature, including subjective assessment 
(Philipson et al, 1983), maximum vertical pocket depth (MVP) (Chamberlain 
et al, 1984; Manning et al, 1980), and amniotic fluid index (AFI) (Phelan et 
al, 1987). 
When amniotic fluid is assessed subjectively, decreased amniotic fluid 
volume is identified by a marked crowding of the fetal small parts and 
inability to identify any significant pockets of fluid in any sector of the uterus 
(Philipson et al, 1983). Excessive fluid is defmed subjectively when there is 
an obvious excess of fluid and when a transverse ultrasound done at various 
levels of the uterine cavity identifies a fluid pocket in which one can 
comfortably place a cross section of the fetal trunk (Hansmann et al, 1986). 
The maximum vertical pocket (l-cm rule, MVP) assessment of amniotic 
fluid is done by identifying the largest pocket of amniotic fluid. The depth of 
the pocket is measured at right angles to the uterine contour and placed into 
one of three categories (a) less than 2 cm indicating oligohydramnios, (b) 2 to 
8 cm indicating normal amniotic fluid, and (c) greater than 8 cm indicating 
polyhydramnios (Chamberlain et al, 1984; Manning et al, 1980). 
The amniotic fluid index (Phelan et al, 1987) is obtained by dividing the 
matemal abdomen into four quadrants, the linear nigra is used to divide the 
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abdomen to the right and left halves, and the umbilicus is used to separate the 
upper and lower halves. With the transducer held perpendicular to the floor, 
the largest amniotic pocket in each quadrant is identified avoiding pressure 
on the uterus. The vertical diameter of the largest pocket in each quadrant is 
measured. The depth of the four quadrants are then added to obtain the 
amniotic fluid index in centimeters. Oligohydramnios is defined as an AFI 
< = 5 percentile for gestational age and polyhydramnios is an AFI>= 95 
percentile for gestational age. Normal values of the AFI for each gestational 
age have been developed by Moore et al (1990). 
2.3.3 Correlation of AFI with clinical oligohydramnios 
Absent from any of these studies were attempts to correlate sonographic 
measurements with the actual quantity of fluid observed at rupture of 
membranes. As noted by Dmzin and Adams (1990), this finding is consistent 
with oligohydramnios and subsequent meconium staining, as well as with 
increased perinatal morbidity. Recently, O'Reilly-Green and Divon (1994) 
have generated a ROC (Receiver Operating Characteristic) curve for AFI, 
comparing it with oligohydramnios as perceived by the patient's care-giver at 
the time of rupture of membranes. The sensitivity and specificity of a 5-cm or 
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smaUer pocket in predicting oligohydramnios were 63% and 86%, 
respectively. The utility of these functions was maximized at an AFI cut-off 
of6.5 cm, with sensitivity and specificity of 75% and 78%, respectively. The 
AFI proved to be less than an ideal test in predicting amniotic fluid volume at 
delivery. 
Three dye dilution studies have corroborated this finding. Dildy and 
associates (1992) found an error of 7% (±SD 38.7%) comparing AFI with 
dye dilution results, with a 95% confidence interval of -53.9% to 88.7%. 
Croom and colleagues (1992) found a correlation coefficient of0.753 for AFI 
compared with dye-determined amniotic fluid volume. Magann and 
associates (1992) found a sensitivity for an AFI of 5 cm in predicting 
oligohydramnios (less than 500 ml) of 67% and a specificity of 100%. For 
predicting polyhydramnios (over 1500 ml) with an AFI over 18 cm, the 
specificity and sensitivity were 83.3% and 85.3%, respectively. The two-
dimensional pocket performed slightly worse in predicting oligohydramnios 
(60% and 84%, respectively), and polyhydramnios (50% and 97%, 
respectively). 
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2.3.4 Clinical outcome associated with oligohydramnios 
Hoskins and associates (1991) evaluated a subset of antepartum-tested 
patients with severe deceleration and an amniotic fluid index less than 5 cm. 
These patients had significantly increased rates of neonatal acidosis and low 
Apgar scores. AFI was part of the antepartum evaluation in 16191 women at 
Los Angles County/University of Southern California Medical Center 
women's Hospital, reported by Gmbb (1992). 8038 women were tested only 
because of postdates. The fetal death rate with AFI over 5.0 cm and a 
reactive non-stress test O f^ST), or biophysical profile (BPP) of 8, was 1.12 
per 1000. She also reported that when an AFI less than 2.0 cm, it was 
associated with antepartum fetal heart rate (FHR) decelerations, indices of 
perinatal morbidity, including caesarean section for fetal distress, meconium 
passage and l-min. Apgar score less than 7, were increased. All patients were 
delivered who had an AFI less than 5.1 cm. However, Lagrew and colleagues 
(1992) foUowed 107 patients with AFI less than 5.1 cm for 4 to 7 days, and 
found a reversion to low-normal or normal values in 41% of these patients. 
Although they raised the question whether intervention for AFI less than 5.1 
cm was appropriate, their study was not designed to answer this question 
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directly. Nevertheless, they recommended evaluation for delivery in term and 
post-term patients with AFI less than 5.1 cm. Petrikovsky and Co-workers 
(1993) found that fetal acoustic stimulation increased the percentage of time 
a fetus spent in swallowing. Amongst fetuses with borderline AFI, 41% 
developed oligohydramnios following acoustic stimulation, and two 
developed persistent variable deceleration requiring operative intervention. 
Conversely, Zimmer and associates (1993) found vibro-acoustic stimulation 
caused the fetus to empty its bladder, which could potentially lead to an 
increase in AFI. Pearce and McFarland (1991) found amniotic fluid 
determinations combined with umbilical artery Doppler waveforms an 
adequate method of monitoring post-date patients. However, others have 
found Doppler studies less useful in the evaluation of post-date patients and 
rely instead on the model developed at USC based on NST and AFI. 
Wang and Rogers have demonstrated that a low amniotic fluid index is an 
independent determinant of lipid peroxidation in the fetus caused by hypoxia 
reperfosion during labour. They have also shown that amnioinfusion during 
labour can prevent this excessive peroxidation by correcting 





This study was conducted in the obstetric unit of the Prince ofWales Hospital, the 
main teaching hospital of the Chinese University of Hong Kong. The study was 
approved by the Health Authority Ethics Committee and informed consent was 
obtained from each patient. The study started in May 1996 and was completed in 
December 1997, lasting 18 months. All ultrasound scans were performed by the 
author and/or a research nurse. Mothers underwent two ultrasound scans in the 
gestational age range from 16 to 40 weeks, the &st scan was to measure biparietal 
diameter in order to verify the gestational age according to their last menstrual 
period. An appointment was given for the second scan if the patient agreed to be 
recruited into the study. This appointment was initially timed to coincide with the 
patient's next antenatal visit. After an interim analysis (about half way through the 
study period) gestational ages which were under-represented were identified and 
future USG appointments were directed to fill in these gaps in the data. The second 
scan was performed to obtain the following information: placental grading, 
placental thickness and position, amniotic fluid index. An Aloka-SSD 2000 
ultrasound scanner (Tokyo, Japan) with 3.5-MHz linear probe was used. Matemal 
and pregnancy characteristics as well as neonatal outcomes were recorded. 
The inter-observer variation was calculated using Cohen's Kappa statistic for 
classifications into normal or abnormal. Values greater than 0.6 were considered 
clinically acceptable. For continuous variables the standard error of the difference 
was calculated, with 95% confidence intervals and student's paired t test was 
applied. 
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3.2 Criteria for patient selection 
All patients attending the obstetric clinic of Prince of Wales Hospital were invited 
tojoint this study if they fulfilled the following criteria: 
1. Chinese ethnic origin, 
2. first ultrasound dating scan performed before 20 week's gestation, and 
3. singleton pregnancy. 
4. gestational age between 16 to 40 weeks 
All patients who were found to have the following complications were excluded 
from the investigation: 
1. multiple gestation, 
2. premature mpture of the membranes, 
3. suspected intra-uterine growth retardation (RJGR), 
4. the presence of a fetal abnormality, 
5. diabetes mellitus, 
6. Rh sensitization, 
7. severe inherited diseases, such as Down syndrome or hydrops fetalis due to 
Haemoglobin Bart, or 
8. placental praevia. 
Our purpose was to recruit patients representative of the normal Chinese 
population as all previous data published refers to European populations. 
3.3 Calculation of the gestational age 
]n the field of obstetrics, terminology such as gestational age, fetal age, and fetal 
maturity, refer to the length of pregnancy from the &st day of the last menstrual 
period (LMP) rather than from the time of ovulation. The gestational age is 
estimated by assuming that the date of conception occurs 2 weeks after the date of 
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the last period. This assessment of dates from LMP is fraught with errors. The 
LMP remains uncertain in 20% to 40% of gravidas (Dewhurst and associates, 
1972). Some reasons for this uncertainty include: 
• History of oligomenorrhea, 
• history of metrorrhagia, 
• irregular bleeding with an intrauterine device, 
• implantation bleeding, 
• pregnancy after use of oral contraceptives; and pregnancy during interval of 
postpartum amenorrhea, and 
• variability in length of follicular phase of the menstrual cycle. 
The gestational age of a pregnancy can only be reliably estimated if the date of 
conception is known. This is rarely known in spontaneous conceptions but is 
accurately known in assisted conception cycles. Presently, it appears that the most 
effective way to date pregnancies is by use of ultrasound parameters such as the 
crown-rump length (CRL) in the first trimester and biparietal diameter (BPD) in 
the second trimester, bi this study, we chose BPD to estimate pregnancy dates in 
the interval of 14 to 20 weeks' gestation because a BPD measurement obtained in 
this period estimates gestational age with 95% confidence within a narrow range of 
±7 days. (Hadlock and associates, 1991) The BPD/gestational age reference chart 
is the one routinely used in the Prince of Wales Hospital, which was derived from 
the local Hong Kong Chinese population. 
3.3.1 Measurement of biparietal diameter (BPD) 
Biparietal diameter measurement was performed using a 3.5 MHz linear array 
transducer. To locate the correct BPD plane the transducer was transversely 
positioned toward the fetal head. The probe was moved until an oval appearance of 
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the fetal skull with symmetrical sides and the falx cerebrum in the middle was 
displayed. The image was then frozen. The anatomic landmarks delineating the 
largest BPD showed a short midline in the anterior two thirds of the head, the 
cavum septum pellucidum and the basal cisterns. The BPD was the maximum 
diameter of the fetal skull at the level of the parietal eminences. It was measured 
by placing the horizontal component of the on-screen calliper on the outer table of 
the proximal surface of the fetal skull. The horizontal component of the second 
calliper was then placed on the irnier table of the distal surface of the fetal skull at 
right angles to the midline and at the widest diameter. The results were recorded in 
millimetres (mm). 
3.4 Ultrasonic measurements of the placenta and amniotic fluid 
3.4.1 Placental grading 
The placental grading system we used in this study is modified from the 
sonographic placental grading system developed by Grannum and associates 
(1979). It is classified according to the placental chorionic plate, placental 
substance and basal plate as Grade 0 to III. (Figure 1) 
Grade 0: the placental substance and the basal plate are homogenous without the 
presence of linear highly reflective foci (calcifications). The chorionic plate is 
smooth and well defmed. 
Grade I: the placental substance contains a few linear highly reflective areas 
parallel to the basal plate, which remains unchanged. The chorionic plate presents 
subtle undulations. 
Grade II: the placental substance contains randomly dispersed echoes and is 
divided by comma-like reflective structures continuous with the chorionic plate. 
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The marked indentations of the chorionic plate don not reach the basal plate, 
which is well defmed by small linear highly reflective areas. The grade II placenta 
is characterised by this straight line of echoes of small linear calcifications present 
along the axis of the basal plate. 
Grade III: the placental substance is divided in compartments containing central 
echo-free areas in the central portion ofthe different compartments and extensive 
echogenic areas representing calcifications. The chorionic plate indentations reach 
the basal plate, which contains an abnost confluent, very highly reflective area. 
It should be noted that a given placenta might have more than one grade if different 
sections are examined because, in general, the placenta will mature from the 
periphery towards the central area. Jn evaluating each scan in this series, the grade 
assigned corresponded to the most mature portion of the placenta assessed. It is 
obviously important to visualise as much placental tissue as possible. 
The interobserver error was evaluated by asking the observers to grade 
retrospectively a series of 100 placental photographs taken of the most mature part 
of the placenta. 
3.4.2 Placental thickness 
Before measurement, the entire placenta was ultrasonically evaluated whenever 
possible. If this could not be accomplished because of posterior implantation, an 
angled scan was performed in the area of the fetal small parts where a portion of 
the placenta could be visualised through interposed amniotic fluid. The image was 
adjusted so that the thickest portion of placenta was in the midportion on images 
obtained perpendicular to the plane of the placenta. The myometrium and 
subplacental veins were excluded from the measurements. Three separate 
measurements near the thickest portion of the placenta were obtained and averaged 
in each case. 
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3.4.3 Amniotic fluid index 
The amniotic fluid index (AFI) was estimated using the technique described by 
Hallak and associates. (Hallak et al, 1993) With the patient in the supine position, 
the measurements were taken. The procedure was begun by diving the matemal 
abdomen into four quadrants. The linea nigra was used as the midline to divide the 
uterus into right and left halves. The fundus-symphysis diameter was measured, 
and the midpoint was obtained. A straight line through the midpoint and 
perpendicular to the linea nigra divided the uterus into upper and lower halves. The 
uterus was therefore divided into four approximately equal quadrants. 
The transducer head was then placed on the matemal abdomen along the 
longitudinal axis. With the transducer head perpendicular to the floor, the vertical 
diameter of the largest amniotic fluid pocket in each quadrant was identified and 
measured. Even a briefappearance of the umbilical cord or of a fetal extremity was 
avoided in measuring the largest pocket by moving the transducer head slightly. 
The sum of four vertical diameters represented the AFI in centimetres for each 
patient. We measure three times and take the average for analysis. 
3.5 Statistical analysis 
3.5.1 Amniotic fluid index 
As this was a cross-sectional study, only one AFI estimate per subject was 
included in the analysis. The means and standard deviations of the AFI were 
calculated for each gestational week, and the distribution was checked for 
normality using the Kogorov-Smimov test. Random variations due to small sample 
sizes were eliminated by drawing polynomial curves of best fit for both the means 
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and the standard deviations. The coefficients for these curves were obtained 
using multiple regression analysis with weighted least squares, as a function of 
gestational age and its powers. The weights consisted of the number of cases 
scanned for each gestational week. The 5(h, 1 0 � 9 0 ^ , and 95^ percentiles were 
obtained by adding or subtracting 1.28 and 1.65 multiples of the standard deviation 
from the median. 
The level of agreement between 2 observers was tested on 50 cases for diagnosing 
oligohydramnios and polyhydramnios using Cohen's Kappa statistic. Values 
greater than 0.6 was considered clinically acceptable. We defined oligohydramnios 
as AFI less than 5 cm and polyhydramnios as AFI greater than 20 cm. 
The effect of pregnancy characteristics on AFI was investigated using stepwise 
multiple regression analysis. The independent variables were matemal age, 
matemal weight and height at booking, parity, matemal smoking and gestational 
age (and its square) at the time of ultrasound examination. The criteria for variable 
selection were P(in) at 0.05, P(out) 0.10. 
3.5.2 Placental thickness 
Only one placental thickness estimate per subject was included in the analysis. The 
means and standard deviations of the placental thickness were calculated for each 
completed week of gestation. 
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3.5.3 Clinical outcome 
Clinical parameters, such as neonatal birth weight, Apgar scores, cord acid-base 
status and pregnancy induced hypertension, were recorded. Before comparing the 
clinical parameters with ultrasound parameters, we defmed acidosis as cord artery 
PH less than 7.15 and artery BE less than -8.0, low Apgar score at 1 minute and at 
5 minutes as a score less than 7, low birth weight as birthweight less than 2500 
gram. X^ test or t test comparison of clinical parameters with ultrasound 
parameters, was performed using the X^ test for interval measurements and 
student's t test for continuous measurements. 
All statistical analyses were performed with SPSS for Windows version 7 (1998). 




Table 1: Parity 
Frequency Percent 
0 311 42.1 
1 311 42.1 
2 98 13.3 
3 16 2.2 
4 2 0.3 
5 1 0.1 
Total 739 100.0 
Table 2: Smoking Status 
Frequenc Percent 
y — „ ^ _ „ ^ ^ — 
Non- 692 93.6 
smoker 
Smoker 47 6.4 
Total 739 100 
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Table 3: Smoking Status with Age Group 
Age group (years) Smoking non-smoking 
<=20 6 8 
21-25 21 83 
26-30 11 218 
31-35 7 231 
36-40 2 144 
>40 0 8 
total 47 692 
Table 4: Matemal Ase, weight and height 
No. ofcases Minimum Maximum Mean Std deviation 
M a t e m a I ^ 7 ^ H 42 ^ " " " " " ^ 
Matemal 739 38.7 85.9 55.7 8.2 
weight at 
booking (kg) 
Matemal height 739 140.5 173.5 156.4 5.6 
(cm) _ _ • . , _ _ _ 
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4.1 Overall obstetric demographic characteristics of study 
population 
A total of 739 cases were recruited in this study. The characteristics of the study 
population are summarised in Table 1-4. Matemal age ranged from 17 to 42 years 
of age (30.8±5.0) (Mean±SD); matemal weight at booking from 38.7 to 85.9 kg 
(55.7+8.2) and matemal height from 140.5 to 173.5 cm (1兄.4±5.6). 
The maximum parity in the study population was 5 but there was only case, which 
was a woman who had migrated from Mainland China. Most women were either 
nulliparous (42.1%) or parity 1 (42.1%) which reflected the normal family 
structure in Hong Kong, where more than 2 children in a family is unusual. 
Most ofthe pregnant women in our study were non-smokers (93.6%). Most ofthe 
smokers were in the younger age groups. 
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Table 5: Amniotic Fluid Index During Pregnancy 
Illllll |||| |||lll|||l|IBI IIIIIWlllllll<IIWIIIIII l|l[||llll|f[llllllll_ 1llll llll 1111 lll1l 1 _ I ‘ ‘ • 
Gestational age Amniotic fluid index (cm) Number of cases 
by ultrasound (wk) (mean±SD) 
16 9.3±1.1 2 
17 7.2i2.2 11 
18 7.5i3.1 36 
19 9.0i3.4 36 
20 9.8i3.8 27 
21 10.8士3.0 36 
22 11.8i4.3 42 
23 12.6i4.2 33 
24 14.0i3.5 32 
25 13.4i4.2 34 
26 13.5i4.8 37 
27 14.8i4.0 33 
28 12.7i3.5 26 
29 13.9i3.5 23 
30 14.0i4.6 26 
31 12.6i2.9 25 
32 13.5i4.2 26 
33 12.8i4.7 31 
34 13.7i3.2 31 
35 12.8i5.1 36 
36 13.3i4.5 32 
37 13.3i4.8 40 
38 13.7i4.2 37 
39 12.7i5.6 26 
40 12.6i4.6 21 
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able 6: Amniotic Fluid Index (cm) percentile values 
week ~ ‘ 5th l 6 S ™ " ^ 5 o S T " " " ~ » ~ ^ ^ ^ ^ ~ ~ ~ ~ ^ ^ 1 ^ ~ ~ ~ ~ 
~vj 4.300 ¢ 4 ¾ T400 w J ^ 
18 3.055 3.750 6.975 12.360 13.685 
19 5.095 5.400 8.150 14.160 14.790 
20 3.444 5.132 8.700 15.420 17.920 
21 6.265 7.120 10.850 13.910 18.280 
22 4.555 6.960 11.700 17.950 19.340 
23 6.750 8.180 11.400 18.970 19.740 
24 8.645 9.410 13.400 19.000 20.570 
25 7.150 7.600 13.800 19.400 20.425 
26 6.385 7.560 12.700 20.420 23.230 
27 8.970 9.420 14.500 20.696 22.580 
28 6.165 8.240 11.750 17.670 19.990 
29 8.280 9.120 13.700 19.520 21.640 
30 7.705 7.970 13.400 20.790 24.870 
31 6.110 8.060 13.200 16.000 17.280 
32 6.990 8.530 12.850 19.760 20.225 
33 5.020 6.280 12.000 21.020 22.210 
34 8.660 8.980 13.500 18.080 18.880 
35 5.525 6.260 13.350 20.680 24.150 
36 5.430 8.379 12.500 19.360 20.730 
37 4.160 7.456 13.100 19.800 21.250 
38 6.300 7.800 13.400 19.620 20.450 
39 4.590 5.710 11.250 20.800 24.575 
40 5.030 8.380 12.000 16.720 27.710 
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Table 7: The agreement between two observers in diagnosing oligohydramnios 
Observer 1 Observer 2 
Yes ^ Total 
Yes 4 0 4 
No 1 45 46 
Total 5 45 50 
Kappa=0.88 p<0.001 
Table 8: The agreement between two observers in diagnosing polyhydramnios 
Observer 2 Observer 1 
Yes No Total 
Yes 2 0 2 
No 0 48 48 
Total 2 48 50 
Kappa=1.00 p<0.001 ~ """ 
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4.2 Gestation related changes in placental grade, placental thickness 
and amniotic fluid index 
4.2.1 Amniotic fluid index, gestational age and maternal characteristics 
The results are stratified by week of gestation and present the mean, standard 
deviation, 5也，50�90也 and 95'^  percentiles (Table 5 and 6). A graphic presentation 
of the amniotic fluid index percentiles is shown in Figure 2. The AFI rose 
progressively from 16 weeks' gestation until 27 weeks (Figure 2, Table 5). From 
27 to 38 weeks, the AFI demonstrated little variation, and the peak AFI appeared at 
27 weeks. After 38 weeks, the AFI declined progressively. 
The 5^ and 95^ ^ percentile values for the total study group were 5.5 and 20 
respectively. 
The interobserver reliability study showed that the mean difference between the 
two observers was 1.3 cm, with a 95% confidence interval of interobserver 
variation of ~4.4 to 8.8 cm. We defmed oligohydramnios as AFI<5 cm and 
polyhydramnios as AFI>20 cm. Tables 7-8 show the level of agreement between 
two observers in diagnosing oligohydramnios (Kappa=0.878) and polyhydramnios 
(Kappa=1.000). The normal range of AFI was between 5 to 20 cm. There was a 
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100% agreement between two observers in diagnosing polyhydramnios and only 
one case disagreement in oligohydramnios as one observer classified it as 
oligohydramnios and the other as normal AFI. 
The curve of best fit for the mean values of the AFI was a quadratic function of 
gestation age (R-square=0.78, F=45.47, P<0.0001), whereas for the standard 
deviation it was a linear function of gestational age (R-square=0.40, F=16.96, 
P=0.0004). Hence there was a significant widening of the reference range as 
gestational age increased. The derived curves for median, 5也，10也，90也，and 95也 
percentiles are shown in figure 2. The actual values are given in table 6. 
Table 9 shows the results of multivariate regression analysis for the determinants 
of AFI. Gestational age was the most important factor, followed by matemal age 
(positive association) and matemal size. The AFI was positively cotrelated with 
matemal weight at booking but negatively correlated with matemal height. If 
gestational age was removed from the regression analysis, orily 2% of the 
variability in AFI could be explained by differences in matemal characteristics. 
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Table 9: Effect of matemal characteristics on amniotic fluid index. Stepwise 
multiple regression analysis. 
Multiple R 0.40 
R Square 0.161 
Adjusted R Square 0.155 
Standard Error 4.097 
Analysis ofVariance 
DF Sum of Squares Mean Square 
Regression 5 2363.347 472.669 
Residual 733 12305.824 16.788 
F= 28.16 Signif. F< 0.000 
Variables in the Equation 
Variable B SEB Beta T SigT 
Age 8.931E-02 0.031 0.10 2.916 0.004 
Gest_US 1.873 0.220 2.868 8.523 0.000 
Gest_US2 -2.98E-02 0.004 -2.620 -7.789 0.000 
HT_CM -0.057 0.028 -0.042 -2.44 0.015 
WT_KG 0.043 0.020 0.079 2.75 0.006 
(Constant) -15.054 5.304 -2.838 0.005 
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Table 10: Placental thickness related to gestational age at scan 
Gestation (weeks) Mean thickness ± lSD 














30 3 .5 i l .0 
31 3.6i0.9 










Table 11: Effect of matemal characteristics on placental thickness. Enter multiple 
regression analysis. 
Multiple R 0.49 
R Square 0.24 
Adjusted R Square 0.231 
Standard Error 0.870 
Analysis ofVariance 
DF Sum of Squares Mean Square 
Regression 5 127.527 25.505 
Residual 540 409.01 0.757 
F= 33.674 Signif. F< 0.000 
Variables in the Equation 
Variable B SEB Beta T SigT 
Age -5.25E-0.3 0.008 -0.029 -0.698 0.486 
Gest_US 6.856E-02 0.006 0.458 12.070 0.000 
HT_CM -6.50E-03 0.007 -0.037 -0.929 0.353 
WT_KG 1.531E-02 0.005 0.127 3.154 0.002 
p m 0.108 0.119 0.034 0.906 0.366 
(Constant) 1.472 1.103 1.334 0.183 
\ 
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4.2.2 Placental thickness 
Table 10 shows placental thickness related to gestational weeks at scan. Figure 3 
shows that the rate of change in mean placental thickness±2 standard deviations 
plotted against gestational age. From this table and figure, we found that placental 
thickness increased from 16 weeks' gestation to 32 weeks then demonstrated little 
variation until term. 
Merobserver variation in measurement was negligible (less than 2mm in all cases). 
The distribution ofplacental location on ultrasound was as follows: anterior 34.9%, 
lateral 11.3%, posterior 26.1%, fundal 7.7%. Li the remainder, the placenta 
occupied intermediate positions. The thickness of the placenta did not vary relative 
to the placental position. 
We performed a multiple regression analysis for the determinants of placental 
thickness. The results are shown in table 11. We found that gestational age was the 
most important factor, followed by matemal weight. The placental thickness was 
positively correlated with matemal weight. However, placental size was not 
influenced by the occurrence of pregnancy induced hypertension. 
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Table 12: Distribution ofplacental grade bv gestational age in 739 patients 
Gestation weeks No. of cases Total 
GradeO Grad^ Grad^I Gradenf 
"i6 i r~ ~~"""""^  — ^ 2""" 
17 5 5 1 11 
18 18 13 5 36 
19 20 14 2 36 
20 11 14 2 27 
21 15 20 1 36 
22 13 22 7 42 
23 9 17 7 33 
24 7 23 2 32 
25 8 19 7 34 
26 7 19 11 37 
27 5 16 12 33 
28 4 13 9 26 
29 3 12 7 1 23 
30 1 13 11 1 26 
31 1 15 8 1 25 
32 3 15 7 1 26 
33 4 7 17 3 31 
34 2 5 20 4 31 
35 2 6 23 5 36 
36 1 5 16 10 32 
37 9 20 11 40 
38 4 27 6 37 
39 1 18 7 26 
40 2 14 5 21 
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Table 13: The agreement between two observers in assigning placental grade in 
100 ultrasound scans 
Grade 0 
Observer 1 Observer 2 
Yes ^ Total 
Yes 12 2 14 
No 5 81 86 
Total 17 83 100 
Kappa-0.733 p<0.0001 ~ ~ ~ ~ ~ " " ^ ~ " — 
Grade I 
Observer 1 Observer 2 
Yes No Total 
Yes 35 2 37 
No 2 61 63 




Observer 1 Observer 2 
~Y^ ~ ~ ^ Total 
Yes 35 0 35 
No 0 65 65 
Total 35 65 100 
Kappa=l,000 p<0.0001 — — 一 " ~ ~ ~ " 
Grade III 
UJMMJM>"" l'»WMUIII•••••^»_‘_l‘H_M__IIWI_L_m__,WrtrgiirFtT»i»TOB*»>—UU^J.Wh **^•“pg>CTKm,iJl-U^ g*li.lk.u«>u^W».^Ap^^°^:^^-i r . - - T - ^ - . ^ w ~ ~ ^ . > ^ 
Observer 1 Observer 2 
Yes No Total 
Yes 18 0 18 
No 0 82 82 
Total 18 82 100 
^appa=l.OOd~"p<0.0001 — 
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4.2.3 Placental grades and gestational age 
Table 12 shows the distribution ofthe 739 patients by gestatioanl age and placental 
grade. Figure 4 shows the incidence of the various placental grades as gestation 
advances. 
140 placentas were Grade 0; 290 Grade I; 254 Grade II; 55 Grade III. The earliest 
gestational age associated with a Grade III placenta was 30 week. 94% ofGrade III 
placentas appeared beyond 33 weeks' gestation. Only 7.4% of placentas were 
destined to reach Grade IIL This is lower than suggested by European studies 
where figures between 20 and 25% are quoted. (Gramium et al 1979, Petrucha et al 
1982) After 37 weeks, no placentas appeared as Grade 0. 
There was a difference in the assigned grades in only 11 of the 100 cases examined 
by 2 observers. The differing grades assigned were all between grade 0 and 1. 
There were no difference of opinion about Grade II or Grade III placentas. (Table 
13) 
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Table 14: Association of outcomes with placental grade 
~ ~ ~ ~ Grade 0-II Gradeffl Significance 
l 4 u m ^ ^ - ^ 
Low birthweight 23 1 p=0.25 
Mean birthweight± lSD 3226±19.8 3258士56 p=0.795 
(g) 
Mean gestation±lSD 38.86士0.07 39.29士0.17 p=0.097 
(weeks) 
Acidosis 59 5 p=1.000 
Low Apgar Score 3 0 
II I |||I|||||WIIIIIWIW ,1111 J IWIII|I I|IIIIBIII1IWIIP Iiinmirwii^nrrrnw i i "••• " " " " - ‘ ‘ 
59 
Table 15: Association of outcomes with placental thickness above and 
below the 10^ percentile 
一 ~ " above 10^ % below 10^ % Significance 
Number ^ 37 ~~~ 
Low birthweight 21 3 p=0.052 
Mean birthweight 士 3232±19 3174士72 p=0.414 
lSD (g) 
Mean gestation 38.89±0.07 38.97±0.25 p=0.833 
±lSD (weeks) 
Acidosis 58 6 p=1.000 
Low Apgar Score 3 0 
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th 
Tablel6: Association of outcomes with AFI above and below 10 
percentile 
~ ~ ~ ~ ~ ~ ~ Above 10'h % ^ l o w 10^ % Significance 
Number 4 ^ 49 
Low birthweight 17 7 p=1.000 
Mean birthweight 土 3247士18.9 3032士77 P=0.002 
lSD(g) 
Mean gestation±lSD 38.94士0.07 38.49±0.31 p=0.082 
(weeks) 
Acidosis 58 6 p=1.000 
Low Apgar score 3 0 
1圓1 |画晒„睡|圃|  r .1 iiiiiimiiniiiriiiii miBii ipi uHiiiwiiiiiiiwiiiiwii mpiiiwiwiMMnwi flin n*tiwi mii_ii f<i •‘ mii nii i innn 'i_---'- n^"inTinr" ' 
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4.3 The clinical outcomes and ultrasound parameters 
Initial analysis of outcome showed no significant differences between 
placental grade 0,1, and II，between placental thickness bands above and 
t h 
below the 10^ percentile or between AFI above and below the 10 
percentile, regardless of the gestational age at scan. In the fmal analysis, 
therefore，the data was split into two groups for each variable with 
reference to the timing of the investigation. We defined low Apgar score 
as less than 7 at 5 minutes, and acidosis as cord artery ph less than 7.15 
and artery BE less than -8.0. Also, we defined low birthweight as 
neonatal birthweight less than 2500 gram. The results are shown in 
Tables 14-16. Mean birthweight in those with AFI below the 10^ ^ 
percentile were significantly lower than in those with normal AFI 
(p=0.002). Similarly, the incidence of low birthweight was significantly 
t h • 
higher amongst pregnancies with an AFI <10 percentile. 
After controlling for matemal age, height and weight, smoking, parity, 
gestational age and sex of infant, placental location was significantly 
related to birthweight independently of gestational age. (Beta=-0.097, 
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t=-2.334, p=0.02, r=-0.111). A laterally located placenta was 
associated with birthweight that were on average 105 g lighter than 
mean birthweight, whereas a posterior location led a mean loss in 




5.1 Gestation related change of AFI and maternal characteristics 
Gravidas with polyhydramnios or oligohydramnios have a significant increase in 
the incidence of major congenital malformations, perinatal mortality, and 
complicated delivery (Shmoys et al, 1990). Therefore, adequate evaluation of AF 
volume is an important component of obstetric care. Livasive tests for direct 
measurement of AF volume are not only difficult to do, but carry a certain amount 
of risk as well. Li recent years, the AFI has become a popular monitoring tool in 
obstetric care because it is an excellent non-invasive test for estimating the AF 
volume and predicting perinatal outcome (Phelan et al, 1987; Rutherford et al, 
1987; Moore et al, 1990; Jeng et al, 1990; Hallak et al, 1993; Shmoys et al, 1990). 
The technique is simple to perform and is reproducible. As reported by Rutherford 
et al, 92% of the values of the intraobserver variations from the mean were less 
than 2.0 cm, and 96% ofthe values of the interobserver variations from the mean 
were less than 4.0 cm. This makes the amniotic fluid index a reliable technique for 
amniotic fluid volume assessment and follow-up. 
To facilitate the interpretation of AFI obtained in routine obstetric care, it is 
important to have a normal reference. Moreover, because the AFI measurements 
vary with the gestational age at observation, the normal reference should be 
64 
Stratified by week of pregnancy. Several previous studies (Moore et al，1990; 
Hallak et al, 1993; and Lei et al, 1998) constructed gestation age- specific AFI 
curves. Hallak et al reported a median of 103 mm at 15 weeks, increasing to 140 
mm at 30 weeks, and gradually declining to 91 mm at 40 weeks. Moore and Cayle 
reported a median of 121 mm at 16 weeks, 147 mm at 26 weeks, and 110 mm at 42 
weeks. Lei et al reported a median of 72 mm at 16 weeks, increasing to 119 mm at 
26 weeks and then gradually declining to a median of 91 mm at 40 weeks. We 
found a similar pattern, but a major difference in absolute AFI values (Figure 5), 
with consistently and substantially lower AFI values than those reported by Moore 
and Calye, but higher than those reported by Hallak et al and Lei et al. 
Part ofthese variations in the AFI may reflect the wide range ofAF volume noted 
by Queenan et al (1972) as well as the play of chance. Ethnicity is unlikely to be 
the explanation. The studies by Hallak et al and by Moore and Calye included 
mixed ethnic groups of patients, including whites, blacks, and non-white 
Hispanics, whereas the patients in our study were all Chinese. The sample used by 
Jeng et al in a Taiwanese study also was probably all Chinese. The observed AFI 
values in their study were comparable to those reported by Hallak et al and by 
Moore and Calye, but different from ours. The different techniques (2-quadrant: 
Hallak et al, Jeng et al or 4-quadrant: Moore and Calye, Lei et al) make direct 
comparisons between the Taiwanese study and ours difficult. Parity may have 
played an important role in the observed differences in AFI values among different 
populations. AJmost all subjects in Lei's study were in their first pregnancy, 
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whereas the proportion of first births in the aforementioned three studies (Hallak 
et al, Moore and Calye, and Jeng et al) and ours did not exceed 50%. IfAF volume 
increases with parity, a lower value of AFI should be expected in the study of Lei 
et al. Before 24 weeks' gestation, the curve pattern of both our study and that by 
Lei et al in Chinese women was completely different from those from the two 
European studies. The study by Jeng et al did not examine second trimester AFI. 
We found, after comparing Lei's study with ours, that the curve pattern of both 
Chinese studies was similar: AFI increased sharply from 16 to 26 weeks and 
demonstrated little variation afterward, then declined gradually at 40 weeks. 
Although both of the studies were performed on Chinese women, almost all 
subjects in Lei's study were in their first pregnancy, whereas the proportion of &st 
births in our study did not exceed 50%. AF volume increases with parity, which 
explains the higher values of AFI found in our sample. We do not believe that 
ethnicity alone is adequate to explain the whole difference between European and 
Chinese AFI patterns. It is possible therefore, that the European studies performed 
some statistical manipulation of their data by 'curve-fitting' which has resulted in 
hiding the true pattern of AFI in early pregnancy. 
Our findings suggest that matemal characteristics have very little impact on the 
AFI, and thus it is likely that methodology accounts for much of the variability 
noted amongst reference standards, ta many studies entry criteria are excessively 
stringent, with potential ofselectingabiased, 'supra-normal' sub-population. Such 
reference standards may not be applicable to the population at large (Altman et al, 
66 
1994). Should they be used as a screening tool, the derived cut-off points may 
not indicate accurately what proportion of the screened population require further 
intervention. 
Another likely source ofvariability could be the method of estimating gestational 
age, as this has a major influence on the AFL Menstrual dates are notoriously 
inaccurate (Geirsson et al, 1991), and yet most published standards, including 
some very recent ones (Jeng et al, 1990; Alley et al, 1998), are based on gestational 
age estimated from the date of the LMP. To our knowledge, our study is the only 
Chinese reference standard derived from a population dated by early ultrasound. It 
is common clinical practice to use a AFI threshold of 5 cm to defme 
oligohydramnios irrespective of fetal age (Phelan et al, 1987), and this has been 
used in many studies to date (Chauhan et al, 1991; Marks et al, 1992). We found 
that, at term, the 5th percentile cut-off ranged between 3 and 5 cm, and these 
values are significantly lower than those reported in older cross-sectional studies 
when ultrasound dating was not routinely available, to the article by Moor and 
Cayle (1990), the 5也 percentile at term was 6.8 cm. to the study of Jeng et 
al(1990), the 5也 percentile dropped rapidly at term from 8 cm at 37 weeks to 4.6 at 
41 weeks. Similar fmdings were reported by Hallak et al (1993). Much higher 
values were reported in a longitudinal study by Nwosu et al (1993), where the 2.5^ 
percentile at term was round 9 cm. Errors in gestational age estimation may lead to 
artificially higher values at term in studies where menstrual dates have been used. 
Since menstrual dates have a tendency to overestimate true fetal age, the relatively 
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high AFI values in the preterm period may be plotted erroneously at term, 
leading to higher averages. 
The multiple regression analysis suggests that about 16% of the variation in AFI 
can be explained by pregnancy characteristics including gestational age. That only 
2% ofthe variability in AFI can be attributed to matemal characteristics other than 
gestational age suggests that there is no need to adjust for these variables. The 
association with matemal age is quite weak (0.1 cm of AFI per year of age, table 
9), and this also applies to matemal size. Neither parity nor cigarette smoking was 
independently correlated with AFI. 
5.2 Placental grade and gestational age 
Histologic and morphologic features ofthe placenta showed characteristic changes 
that can be correlated with advancing gestational age. Previous studies showing 
correlation between placental calcification and gestational age required X-ray 
techniques and, thus, were unsatisfactory for routine, in vivo, placental 
study.(Tindall et al, 1965) Diagnostic ultrasound allows evaluation of calcification 
and other placental features without radiation exposure. Several authors (Fisher et 
al, 1976; Grannum et al, 1979) have noted characteristic changes in the ultrasound 
appearance of the placenta, as pregnancy advances. Based on these changes, a 
placental grading system has been proposed by Grannum and associates. 
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Since Grannum developed the placental grading system, numerous studies have 
been performed to correlate placental grade with fetal pulmonary maturity. 
gPetrusha et al, 1982; Tabsh et al, 1983; Kazzi et al, 1984) They found a 100% 
correlation between grade III placenta and mature fetal lung. Subsequent study 
showed that placental grade was not accurate enough to replace amniocentesis in 
predicting fetal pulmonary maturity. (Quinlan et al, 1982; Gast et al, 1983; Harman 
et al, 1982) However, few papers have studied the relationship of placental grade 
and gestational age and very few studies have been performed in Chinese 
populations. Since the placenta is a fetal organ, it seems logical that it should 
mature in a fashion similar to that ofother fetal organ systems. However, although 
all placentas start with a Grade 0 configuration, they may not always proceed to a 
grade III configuration. The Grade I placenta is noted at approximately 31 weeks' 
gestation. (Levine, 1981, Petrucha, Gold and Platt, 1982a). to the normal 
pregnancy at term, 40 per cent of pregnancies will have a Grade I placenta. The 
Grade II placenta appears at approximately 36 weeks and 45 per cent of patients 
will maintain this appearance until term. The Grade III placenta is seen at 
approximately 38 weeks in the remaining 15 per cent. Hohler (1983) have reported 
similar results. In our study, 9.5 per cent of pregnancies had a Grade I placenta at 
term. 66.7 per cent of pregnancies maintained a Grade II placenta until term and 
the remaining 23.8 per cent were Grade III placenta. Grannum did not perform 
early ultrasound to confirm gestational age as we did. This could explain why more 
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ofour Chinese patients appeared to have a mature placenta at term than would be 
expected from Grannum's data. 
]n the normal pregnancy at 42 weeks' gestation, the Grade I placenta is very rarely 
seen. At 42 weeks, 55 per cent of placentas will be ofthe Grade II configuration 
and the remaining 45 per cent will be of the Grade III type. There appears to be a 
tremendous spurt in maturation between 40 weeks and 43 weeks' gestation.(Moya, 
1983) Grannum and associates observed a patient with a Grade I placenta at 36 
weeks and four weeks later the placenta had converted to a Grade III. Moya 
proposed that placental grade could be used as a tool to verify the gestational age 
because if a Grade I placenta was seen at 42 weeks' gestation, doubt should be 
placed as to whether the dates of this pregnancy were correct, ]n our study, we 
found a decreasing trend in the number of cases of Grade I placenta toward term. 
However, we only studied pregnancies from 16 to 40 weeks, and have no post-
mature cases, so we do not have enough data to confirm this hypothesis. However, 
there were only a few remaining grade I placenta at 40 weeks ofgestation. 
It should be emphasised that Grannum's grading of placental maturation did not 
occur in every patient in a uniform pattern, fo our study, we observed amongst 11 
cases at 17 weeks ofgestation, 5 cases presenting as Grade 0, 5 as Grade I and 1 as 
Grade II. Similarly, amongst 23 cases at 29 weeks of gestation, 3 cases presented 
as Grade 0, 12 as Grade I, 7 as Grade II and 1 as Grade IIL Other authors studying 
the pattem of maturation seen in European populations have also reported similar 
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results. It is conceivable that maturational changes may not necessarily progress 
sequentially to a higher grade but may remain the same until term. 
There was a poor correlation between the BPD and placental grading. Li 
Grannum's study (1979), where the BPD was compared with the placental grades 
ofnormal patients, the BPD range was 7.6 to 9.6 cm for Grade I, 8.1 to 9.8 cm for 
Grade II, and 8.7 to 9.5 cm for Grade IIL Our study, and that by Petrucha et al 
(1982) have reported similar results. 
Our results showed that 94% of Grade III placentae appeared beyond 33 weeks' 
gestation but that only 7.4% of placentas were destined to reach Grade III within 
the gestational age range studied. This is a lower percentage than suggested by 
European studies where figures between 15 to 25 % are quoted. (Grannum et al, 
1979; Petrucha et al, 1982; Petrucha and Platt, 1982) Also, European studies report 
that 95% of Grade III placentae appear beyond 35-weeks' gestation. This 
difference in figures could be explained by recruitment criteria or ethnic origin, to 
Petrucha and Platt's study, both high and low risk patients were recruited and were 
referred for real-time ultrasound examination for various reasons, including 
pregnancy dating, genetic amniocentesis, suspected intrauterine abnormality, 
placental location, amniocentesis for pulmonary maturity, suspected twins, and 
abnormal lie. This was therefore not a random selection. However, in our study, all 
patients were recruited from the antenatal clinic at booking. Patients were invited 
tojoin our study ifthey fulfilled our criteria of gestation between 16 and 40 weeks, 
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with an early dating scan and Chinese ethnic origin. Our study population closely 
reflected the local population structure. 
Accelerated placental maturation has been reported in association with chronic 
hypertension, preeclampsia, RJGR and matemal smoking. Delayed placental 
maturation is associated with diabetes mellitus and fetomatemal 
immunisation.(Hill et al, 1984) Proud and Grand defmed accelerated placental 
maturation as grade III placenta appearing between 32 and 36 weeks of gestation 
and recommended that such cases required close antenatal surveillance. Petrucha 
and associates suggested that 35 weeks' gestation could be used as a demarcation, 
as in their study, 95% of Grade III placentae appeared beyond 35 weeks' gestation. 
This corresponded quite closely to the gestational age at which an abrupt rise in the 
incidence of mature lecithiny^sphingomyelin (L/S) ratios occurred. (Gluck et al, 
1973) An association between the ultrasonically mature placenta and a mature L/S 
ratio can be expected as they develop in the same gestational age period. Our study 
also showed that 95% ofGrade III placentae appeared beyond 33 weeks' gestation 
but we did not correlate this with the clinical outcome. Another study (Pround et 
al, 1987) questioned the need to intensify antenatal surveillance in cases with 
accelerated placental maturation. This aspect of accelerated placental maturation 
still deserves forther study. 
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5.3 Placental thickness 
Hollander and Mast (1968) reported that the placental thickness increased steadily 
from the 5^ to middle of the 9也 month of pregnancy, after which it decreased 
slightly. Schlensker (1976) noted a similar increase in placental thickness up to 36 
weeks gestation. Our data showed that placental thickness increased from 16 
weeks' gestation to 32 weeks then demonstrated little variation until term. The 
difference could be explained by the ultrasound machine used, hi the earlier 
studies, the static scanners used could not precisely identify the boundary between 
the placenta and uterine wall. Differing locations of the placenta as well as 
difficulty on obtaining the correct scanning plane compounded the problem. 
However, in these earlier studies gestational age was not confirmed by early 
ultrasound in all cases, so incorrect gestational assessment may also have been a 
confounding variable. Hoddick and associates, using a real-time ultrasound 
machine, reported similar results to ours. They reported that the placental 
thickness increased from 10 weeks gestation to 30 weeks gestation when the rate of 
increase in thickness diminished slightly. 
Hoddick and associates found that at no time in pregnancy did the normal placenta 
exceed 4 cm in thickness. Our result disagreed with this. Other authors have also 
noted placental thickness greater than 5 cm which did not necessarily indicate 
placental pathology: Janniaux et al (1990) reported a placenta measuring 6 cm 
found in a pregnancy with elevated mid-trimester matemal serum alpha-fetoprotein 
(AFP) and an anatomically normal fetus. As we know, a thick placenta is 
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associated with a host of matemal and fetal pathological conditions. Perinatal 
infectious disease, diabetes mellitus, and both immune and nonimmune hydrops 
are the most common causes. A thin placenta is more often seen in patients with 
intra-uterine growth retardation (KJGR). Grannum and Hobbins (1982) defined 
thick placenta as placental thickness more than 4 cm and thin placenta as placental 
thickness less than 2.5 cm. Other authors considered a significant placental 
thickening as a placental thickness greater than the mean plus two standard 
deviation, therefore, from the available data, no agreement can be made in what the 
thick or thin placenta is. 
It is said that placental size is associated with pregnancy induced 
hypertension.(Fox et al, 1978) However, we found that placental size was not 
related by the occurrence ofpregnancy induced hypertension. This could be caused 
by differences in the study methods. Fox and associates recruited the patients with 
high risk of pregnancy induced hypertension, then obtained the relevant data. In 
our study, we randomly recruited patients representative of the local population 
structure, so our results more accurately reflect the prevalence of disease in our 
local population. Unfortunately this results in a relatively small number of 
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